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Supplementary Figure 1. Schema of how data were used in this study to instrument lipid levels in first-degree relatives. We 
constructed genetic instruments in study participants of UKB (blue box). We used these genetic instruments as proxies for levels of 
lipid in first-degree relatives (green box) and outcomes as reported in these first-degree relatives. 
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Supplementary Figure 2. Univariable and multivariable Mendelian randomization 
estimates of apolipoprotein B and risk of endpoints in first-degree relatives.  
Egger: MR-Egger; Egger (NO APOE): MR-Egger excluding SNPs in/around APOE; IVW: 
inverse variance weighted; MVMR: multivariable Mendelian randomization; UVMR: 
univariable Mendelian randomization; WM: weighted median. Numerical values for age 
at death reports beta coefficients (and not odds ratios).
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Supplementary Figure 3. Univariable and multivariable Mendelian randomization 
estimates of LDL cholesterol and risk of endpoints in first-degree relatives.  
Egger: MR-Egger; Egger (NO APOE): MR-Egger excluding SNPs in/around APOE; IVW: 
inverse variance weighted; MVMR: multivariable Mendelian randomization; UVMR: 
univariable Mendelian randomization; WM: weighted median. Numerical values for age 
at death reports beta coefficients (and not odds ratios).
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Supplementary Figure 4. Univariable and multivariable Mendelian randomization 
estimates of triglycerides and risk of endpoints in first-degree relatives.  
Egger: MR-Egger; Egger (NO APOE): MR-Egger excluding SNPs in/around APOE; IVW: 
inverse variance weighted; MVMR: multivariable Mendelian randomization; UVMR: 
univariable Mendelian randomization; WM: weighted median. Numerical values for age 
at death reports beta coefficients (and not odds ratios). 
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Supplementary Figure 5. Comparison of multivariable Mendelian randomization approaches. 
The plot displays estimates from conventional (inverse variance-weighted; IVW) multivariable Mendelian randomization to that of multivariable 
Mendelian randomization using MR-Egger. Numerical values for age at death reports beta coefficients (and not odds ratios). 
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Supplementary Figure 6. Univariable and multivariable Mendelian randomization estimates of apolipoprotein B, LDL cholesterol 
and triglycerides and risk of type 2 diabetes in DIAMANTE.  
Egger: MR-Egger; IVW: inverse variance weighted; MVMR: multivariable Mendelian randomization; UVMR: univariable Mendelian 
randomization 
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Supplementary Figure 7. Univariable and multivariable Mendelian randomization estimates of apolipoprotein B, LDL cholesterol 
and triglycerides and risk of type 2 diabetes in DIAMANTE including adjustment for (B) total and (C) central adiposity.  
BMI: body mass index, indexing total adiposity. WHRadjBMI: waist-hip ratio adjusted for BMI, indexing central adiposity 
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Supplementary Figure 8. Metabolism of low density lipoprotein under (A) normal physiological conditions and abnormal 
physiological conditions of: (B) impaired LDL particle uptake by LDL receptor pathway, and; (C) over-production of VLDL particles.  
 

(A) Normal LDL clearance 

 

Panel A: metabolism of low density lipoprotein (LDL) under normal physiological processes. The liver synthesizes and secretes VLDL particles 
which, with removal of triglyceride within them, are transformed into LDL particles. LDL particles are cleared principally by the liver via specific 
LDL receptors (LDLR), which are concentration-dependent and saturable, and non-specific receptors, which are concentration-independent but 
non-saturable. As LDLR number decreases, a greater proportion of LDL clearance occurs via non-specific clearance. However, a small portion of 
LDL particles are cleared by LDLR in peripheral cells, such as the pancreas. Even though the uptake of LDL particles by the pancreas represents a 
trivial portion of total apoB clearance, we posit that variations in activity of this pathway may lead to altered risk of T2D.
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(B) Decreased LDL clearance (e.g. dysfunctional LDL receptor): êapoB and éLDL-C 

 

Panel B: impaired LDL receptor (LDLR) function leading to excess circulating LDL particles that are cholesterol enriched. Thus, apoB 
concentrations in plasma are comparatively lower than LDL-C – this scenario is approximated by our multivariable MR analysis when LDL-C is 
increased and apoB kept constant. In this circumstance, clearance of LDL from the circulation occurs principally through non-specific pathways. 
The reduction in LDL clearance through specific pathways (via LDLR) leads to a reduction in uptake of LDL particles by the pancreas. Because LDL 
uptake in excess can be injurious to beta cell function in the islets of Langerhans within the pancreas, reduced clearance leads to a lower risk of 
T2D. 
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(C) VLDL particles over-produced by the liver: éapoB and êLDL-C 

 

 

Panel C: VLDL over-production by the liver. This leads to higher circulating LDL particles that are comparatively cholesterol depleted. In other 
words, circulating apoB concentrations are comparatively higher than LDL-C – this scenario is approximated by our multivariable MR analysis 
when apoB is increased and LDL-C kept constant. In this scenario, overall LDL clearance is increased and occurs through both LDLR and non-
specific pathways. Increased uptake of apoB particles by the pancreas leads to injury with commensurate reduction in function of beta cells and 
thus a higher risk of T2D. 
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